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Adaptive introgression of Quercus aquifolioides and Quercus spinosa based on
whole-genome resequencing
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J&E RN PEWTS (Adaptive introgression) A& P A5 AR 0L 51 R H 5 An  DH ) = 2K
U, HEEATREHLHT R RAE (de novo mutation) FIEFEEEAS R (standing variation) B E
LR C AR T AR Tl A AR E MRS, U REK S .
PR skl AN 4 e PR 2 7K S SR A3 N 1 3 V28 D83 A L 1 o T8 7 A0 P 8 2 368 £ 234 A
Jey ML IE AL 22 O B . AR OB X 18 AN INE A LU (Quercus aquifolioides Rehd. Et
Wils.) FHEER 24 DMAMAFD 18 I & 1IL#k (Quercus spinosa David ex Franchet)
BEM 25 DNAMAIEAT T AR A ENF, WFIREAN 24.16X - 47.37X . LR
HFI RS RS, BT T I RNLAR T 358 661 ANFIRI = LLAR ) 346 281 A
B R LT R 2 AT A (Single nucleotide polymorphisms, SNPs). FlEfE K 41 %
SIATHE R T AR I PR I H = KT AR P R - T S R s Ak IE L
BRVUE R (Q. aquifolioides West, Qa_ W) Al JINE & ¥R 4R 5 ( Q. aquifolioides East,
Qa E); RIMEILARIGIE R (Q. spinosaWest, Os W) FRIH & LKL R (0.
spinosa_East, Os_E). [FIHIHE 7 PG AR “EHFEE R (Out-of-QTP)” KAV
HAEREE . BN RIRRE X 2 ) fF) SNPs &5 (73 PR AT, R LRI I Ll AR A0 P ) 3
e oyt T VL v L AR AN I P vy L AR o TR 38 A A3 o A8 P R DR 28 - R 5 G R 3 M

(Genotype-environment associations, GEAs) #&7~ | HiFEFEES (Isolation-by-distance,
IBD) finid 1 il it LR ol 2R (D& R Ak, I T 7 5 e R P A R =l K v o
RV AR R HER, (Local adaptation) 53 : {5 5 A1 Hh 2 R 222 DR 51 75 98K ven Jo o
A 0 365 SO 1 A A S e 2 LIPS DR 3R, 7 A 75 v S A 10 3 O e A A e 2 gk
PN R 7702 B K o A TR A KT fan 20 BT R BAZE ) B L LBR AN Os_ W Z [RIAF1E 1 461
ANBTE TS X IR — R A1 S AE YA AR AE VI A M ThRE R R . 454 fam A1 GEAs 47
PRI 435 NS5 AR AR Os W 2 (RGN #HS I ThEEIEN . X L3 B LA
BSIMAE 12 etk b, AR T AR BRI N & F K.

BE— S HE FE PR IR)IE RSB AL 5, RIS 5 YR (RS R #TA S R R 3-
ketoacyl ACP synthase 2 (KAS2) FE[H XI5k Py R I H KK FESIA P4 (Linkage
disequilibrium, LD) FIEAL b, DL RAKFIIRZ IR 2. o KAS2 BRI
F X4 E—/MEE DNA A5 (GTICONSENSUS) A (138 b4 AR A7 A5
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Abstract

Adaptive introgression of Quercus aquifolioides and Quercus spinosa
based on whole-genome resequencing
Master Candidate Wei Qin

(Ecology)
Directed by Fang Du

Abstract

Adaptive introgression is an important source of new alleles in the context of rapid-climate change,
perhaps even more frequent than de movo mutation and standing variation. Recent studies have
demonstrated the prevalence of adaptive introgression in nature, especially in long-lived plant species.
Therefore, it is crucial to analyze the genetic mechanism of adaptive introgression at the genome-wide
level in order to investigate the adaptive divergence and local adaptation. This study sampled 24
individuals from 18 Quercus aquifolioides Rehd. Et Wils. populations and 25 individuals from 18 Quercus
spinosa David ex Franchet populations for whole-genome resequencing. All individuals sequencing depth

ranged from 24.16x - 47.37x. After quality control and stringent filtration, we finally obtained 358 661

single nucleotide polymorphisms (SNPs) in Q. aquifolioides and 346 281 SNPs in Q. spinosa. Population
genomics analysis revealed high degree of intra-specific east-west divergence between the two Quercus
species (Q. aquifolioides: Qa_W and Qa_E; Q. spinosa: Os W and Qs _E), and identified biogeographic
pattern of "Out-of-QTP" from west-to-east. Comparison of allele frequencies of SNPs between population
pairs revealed that genetic differentiation within Q. spinosa was higher than that between Q. aquifolioides
and Q. spinosa. Geographic isolation accelerated adaptive divergence among Q. spinosa lineages, as
revealed using genotype-environment associations (GEAs). QTP populations and non-QTP populations
exhibited different patterns of local adaptation: temperature and geography were mainly environmental
factor driving adaptive genetic variation in QTP populations, whereas the main source of selective
pressure for adaptive genetic variation in non-QTP populations was precipitation. The whole-genome fim
analyses indicated the 1 461 potential adaptive introgression regions and a series of functional genes
involved in biotic and abiotic stresses between Q. aquifolioides and Qs W. Combining faqm and GEAs
analysis identified 435 functional genes that involved in adaptive introgression between Q. aquifolioides
and Os W. These functional genes are evenly distributed on 12 chromosomes and have long sequence
length and intron length.

Further study of adaptive introgression revealed that 3-ketoacyl ACP synthase 2 (KAS2) gene
involved in adaptive introgression exhibited low levels of linkage disequilibrium (LD) and genetic
differentiation, as well as high levels of nucleotide diversity. Two major allele genotypes of an adaptive
variant (3_82758545) in a DNA cis-regulatory progenitor (GTICONSENSUS) in KAS2 showed
significant frequency differences. A allele was mainly distributed in QTP populations and G allele was
mainly concentrated in non-QTP populations. Based on the two allele genotypes, an experiment was

constructed using two types of plasmids, which were later transferred into Agrobacterium tumefaciens.
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Agrobacterium sap was injected into N. benthamiana utilizing the transient expression properties of N.
benthamiana, the result found that Agrobacterium sap containing the G allele plasmid exhibited
significant cell necrosis in rejection regions, including control and treatment experiments. However,
Agrobacterium sap containing A allele plasmid exhibited significant cell necrosis only in control
experiments.

The gradient forest model predicted that the vulnerability region of Q. aquifolioides is mainly in the
north and west of the QTP, and that of Q. spinosa is mainly in the Hengduan Mountains in 2050 and 2070
under RCP 2.6 and RCP 8.5..

This study combined population genetics, landscape genomics methods and molecular function
experimental validation methods to reveal adaptive introgression between two Quercus species. It will
provide new insights into local adaptation, adaptive divergence, management and conservation of forest
tree species in the context of rapid-climate change.

Key Words: adaptive introgression, adaptive divergence, local adaptation, Out-of-QTP,

landscape genomic
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AIC: Akaike information criterion, {5 5 &N
CTAB: Cetyltrimethylammonium bromide, 75kt = R %
CV: Cross validation, & X 3&iF
Dxy: Absolute divergence, #i%}istf% 731k
FDR: False discovery rate, #i%/&KINZE
Fsr: Relative divergence, FHXJigt4% 531k
GDM: Generalized dissimilarity modeling, |~ SCAH S A5
GEAs: Genotype-environment associations, 3 [K -3 55 S BE 4 HT
GF: Gradient forest, 1% #x#k
GO: Gene ontology, F&:[AAAR
HW: Hardy-Weinberg, M-Iz A%
IBD: Isolation-by-distance, ¥ [& =
IBE: Isolation by environment, 35755
ILS: Incomplete lineage sorting, 4584 HE R 7k
LD: Linkage disequilibrium, &84
LFMM: Latent factor mixed model, J&7E [N &R A1
MAF: Minor allele frequency, /N3 RIS
MCMC: Markov chain monte carlo, /RA] REEZFRFRD
ML: Maximal likelihood, #5 KA
Mya: Million years ago, H Ji4ERl
Ne: Effective population size, 7 ZFIHER /N
NGS: Next generation sequencing, ARl
NJ: Neighbour joining, 2F4%7%
Out-of-QTP: Out-of- Qinghai-Tibet Plateau, & H 7 il = )R
PCA: Principal components analysis, = %773 #T
PSMC: Pairwise sequentially markovian coalescent, J¥Xi 5 1) 5 a] kLt 5
Qa_E: Q. aquifolioides East, JIIJE = IR RIE R
Qa W: Q. aquifolioides West, )I|JE = ILIFRVEHE &
Os E: Q. spinosa_East, FlIM & 1L1ERRIE &R
Os W: Q. spinosa_West, HlI = ILFRE G R
QTP: Qinghai-Tibet Plateau, T & =)
RCP: Representative concentration pathway, L7 fF B 42
RDA: Redundancy analysis, JUAR T
RI: Reproductive isolation, AE5H 7 ES
SFS: Site frequency spectrum, {7 siATE
SNPs: Single nucleotide polymorphisms, HAZE IR Z &ML A
SSRs: Simple sequence repeats, i 5.5 & 7 ¥l A5 ic
m: Nucleotide diversity, #ZH R 2 1
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1.1 B EH#S
111 FE KNS F AN &

#7175 (Introgression) #& Hl Anderson A1 Hubricht!!1 7 Je 3 H, 8¥[8 44232 J5
AT RE SR AR A B5E, FEAE A HERS, FTAE- S 20 DNA — MRt iE Sk
(7 2] 5 — AN pp =], — ok ul, #HE T AR R AETE SRR RE VI IR 2 [A]
W31, Ak, fE2 BRI OB 1Tz BS, JCHE AR KA AR
Hle91, T e ) o (R AS T 5 1) Bl BB oty 22 (1035 A L R A B I 2 B A
RILEP b 2 [B) A2 3k ) A% e LB
1.1.2 BRI T2 BB AR R AR

W FEADMPIANANS B B AR R R — B AR S 5 A A £ R i) 2 o (R AH 2
XA 2RI HIE SR N, RIFEAARH L 574 (Genetic load), FF HEHEAL 1)
TREE 5B AETEAE 5 B E /N2 32 31 22 P R 28 1l 24180 3ok R 4 R v 1 DX 3 A1 0
LR BN DNA SREL, raee e M IRE 2T BRI R Di6e. Ak,
5 DR 2 I R 2H 2 1) XA A R I HH B/ ) DNA BN, O EH BFAZ A 2 LUK
AR F R 5EHEH DNA F B B8, Iy fa, 85 32 SR AR AR A5 4y
A b, 7S4S (Reproductive isolation, RID HIZEf7 KR /DUO, 1 HAf “4
Jatf % (Globally advantageous)” [ 3 PR B 25 ) A R R s -1

1.2 ENEATS
1.2.1 1& BLEBNE T A &

K ZHE DL V0P RS SR 10 25 SAT AT AR A2 A 1t 1, (H#r2 AT gy >R 1R T
(R s, 308 I TV T PR T AT 1 A S5 A ORI T 4 AN 3 B e g i 7 2, e
SCHEMNYERTE (Adaptive introgression) 13712141 R [E T 2208 1) R RAE (de novo
mutation) FIFFZEYEAE R (Standing variation), 38 M VEHTE EARESL & VF 2 Y RhiE M
PR I A H PRod SR A A AR S ) F 7 2o i B R R S 1 R & BT Y e T
AT T R0 Ik £ e 7 a2 e EE L), S 1 T R HidE ¥ (Local adaptation)
RE 77 38 B AN AR S AL i s U016 [R] I, — SRR FU RS R e X R 2 14N
=7 W, Wy Rh Al R SR R 3G S VTS v REIK ) 1 AR AL 2 A 3G, AT 55
BRI 2K s A% o4k, J3ETTTAG T B b 2 TR] e AR e R g L7
1.2.2 ZRARBEArebod A 2 AT 78 2241

HA BRI B2 53 A0 BRI AR A g AR A P32 it T A1 EES , (HARAR
WS ) 2 B0, Lo Seaetl, NONTFH0EE . 3@ 40 B AR ot b 2z 8] P i S 1
BT TR pe i e i N B A B ) IS, IRk, A DT BOR 1) R R A

1



Sk PR A N P 5 AR v LI R AT R P sy L AR AR BB T 7T

JERT I, BT E AT AN A FE R ZH 7K F (Whole-genome ) A6 U Z5 AR B Fifr v 3d 7 14 47
BIRNEE X filhn: Fo ZUMd FLE LN RS0 AR W RRAR (Quercus acutissima) 1
¥R Rk (Q. variabilis) P/ EREVIAP ) 455 PR 2H 3 00 7 204 11T ABBA-BABA £l
KILT 80 944 ML H IR Z AVENAL A (Single nucleotide polymorphisms, SNPs) {7 F
PA AN KR JE )R ) 22 R ZHm 2 X 380, B AR B 1 P2 n] BLE L 51 N DNA i
VIO BRI EE R AR S, AT SEEILOT M) 182 AE P A AR A A G ) S R )
BE T MY SR e ad B PR AR A AR (R 77 Lin SFEMER T 7 AN B (i

(Populus adenopoda)~ 5 AW (P. alba)~ i% (P. davidiana) 7. 5% (P. giongdaoensis )«
[E 4% (P rotundifolia)~ BKINEIA (P tremula) FZEMEHR (P tremuloides)) W14
R DRI 2H B0 P Bt dd e o B S A T2 1) 2 R A X AT e (R 2 TS 5 (BRI B 2
PAAN )k B 2H X380 38 % 22 RE R SR A Rh ) AE X 82 4% 7310 (Relative divergence,
Fst) 4%} 4% 5346 (Absolute divergence, Dxy) AR, #0Fh % H IR 2 1

(Nucleotide diversity, 7) 5 51™); Guo ZFP1LH 58k 5 Jil A= e 3505 4% 28 ALY ) v LA (Pinus
densata) MHSEGMMIA (P tabuliformis) R =FEFs (P yunnanensis) AW TR,
A AN T AR R 704 7 A B e A R b 5 B B AR
ALK, RE] 57849 (3.4%) A SNPs AF{E R & #HEH, K 71X SNPs
A AT REAE TS N 1 B A TR R B R HE A AR BE A A R U T AR SRR A Y A
TR DX P S DR 2 e o M AT A% o B R T J b R4 1 AR F P

1.3 FEE/E
1.3.1 ik e R

Wyt AR A BR <S8 = = . (Qinghai-Tibet Plateau, QTP) /&
S E AR S R AR B e R e S T e SR PU AR MK RS iR, 2R AR T L Bk 2R 58
M2 SRR Z, b2 R LAFGE LAt BHHr, SrnE e E R H
1500 @A 12000 R4 R, HApdsaR G 20% 0 F, A AEY 2 FEPEIA b
X 2 —2128), JEH G E R AL KRR T LK, 2 AR ERY M 2R R E X
WETFL2EEE, Blun: HESTEE (Rhododendron) 4G J& (Orobanchaceae) %
% J& (Papaveraceae)  JEJH J& ( Gentianaceae) « 15 #.J& ( Cyperaceae) 5t 5 J& (Poacee) -
WFEAE (Primulaceae) FIETE)E (Asteraceae) P14,
1.3.2 7 ik e JL i S o K e

T e S X A H T 2 AR VR 6] 44, A7 A —Sotth 5 b e i hix 1y 1 Jik 125200, 76 17
Sk SRt RE A, e R AR S () b BT SR B ) SR 3 R G T 2 AR
BEA ST, = R KN 56 AN E THERET (Million years ago, Mya) W
tH (Paleocene) MEIARIEIAZ) 1 km 283G 2] (Miocene) FJ (21 - 19 Mya)
[¥12.3 km, SAEEEFFH A (<15 Mya) Bl EA-ZIEER (~5.5 km), Hid XK
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Wrilifko BB B R s B DOk B2 6 kml®®, gbAh, F ke R Rt B SR Y ed—
HAFEE S UEIRG - Hilan, fEroprtt 5O, BT A0 i i e e S5 B 546 A I
TR, RN ZM X KPS0, fESEIULE, 7E mnfdk 0w e s IR i X B T
BB SRR, FE A BE A TR T = A B PR AR A PR A0
1.3.3 5 9= SR V0 [ 2 BF 5 S 451

TR e Jir A K 22 B A SR R R b, Rt XA RR AT A i« R 7 D233,
Tk e SR 0 L N B R e L SR AR R B B 2R PE B RIS B IR G, TR T
MHRF R 25 12834370 ply b i 77 2 1 B B o) — B N R i X A o S5 A4
Z AT A% A3 1) S R 2R 120221

oF R 1 5 o 5 B 2 [ RURE b P b B L R 7 A 7 R v i e 3 e A 1Y), (H A
TR T FPEESt /%22 (Population genetics) J7 T A ST &1 &I 7 4 s Fh 2 (B4 IH
W U AFAEVFhF] 28 SZ BB A, Flan: FERsAL 2 o AriE ] 1 40 A A2 s R i E e L
¥ (P rotundifolia) FURIFRIWA (P davidiana) 1R FREERIFE RIS, R &
KRASRYVEAN DU ki g 1 = 204 T by & L b X AL 5 & (Parnassia L.) 1)
ARG B R R LR BT L JORTIEE €05 Ly X M A SR )M Hh AT REAEAE )2 B AR A AT S
FAEBO I H R IR TR T R X RR A A v L R RS I — R
{5 T%L (Combretaceae) P2 [AAAAEH T M/ FRIZEFRIY. BHET, £ 8
e SR DX P L i B A R A Al 22 AR A 5 v P S v A AE o ) e A8 AR 22 R A
B, XS5 T R o i 1 X s g T A ) I ST ) R AR SIe i == (20271,

L4 JIFESWUARFRI S WLARE AR
141 BRI VIR IEEA A4

¥rIE (Quercus L) T 20 A TR, HEINCLLZILFEMMIX, M RIEEZH
1, —MOMERERIRR, AR, BEfEI B e sc 341420 JE T8 K284 400 - 500 M)
B, RAbFEEKE S 5 WA RRES RGP @My i £ 5 N EER AR E L —
3441 T KA A K R E YRR I X IR B iz i sz P, AR L
A ) A AL (R A 2 ST AR U 540, R S SRR g A 22 A L B DD SR B0 S
HAZ WS N J 3T 07 S5 PR BRAR PR3 4244 Sk, il 5 AR S A o 3k R A 5040 10 A e
B JE, B 70 W] LALEA BR B ROAS S 3R A5 50 o1 B 1 2 2 DR ZH 7P (R s A B, A
TR AR S8 4 ol v 4 R 2 /K P [ e 7481, Leroy 25 ME B AR (Q. robur) 3% 3K
ZH I s 2H 2 57 R A b, 3 I A R H U O A AT T O DY AR AR A (TG
¥k (Q. petraea), Q.robur, FKEHE (Q.pubescens), LItk (Q. pyrenaica)) 1EfF
AT () JRy IS S R A A, R IOK )T S AR S AR A 5| R I AR P AR AR P R 2R 3 [m] 2
i WM AR R Y R B RS I G, X LIRS R R AR R SR R T
ZEA, BOAt AR X P FAR B YR (Q. pyrenaica F1 Q. pubescens) 1ETE AL
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Sk PR A N P 5 AR v LI R AT R P sy L AR AR BB T 7T

T, EHEILMA R H X 5 YR ERE RN (Q. petraea F1 Q. robur) KAL)
JREIAZ s Fu S8R 3 FZH 38 1 RRARSE R4, I B 4 22 (R AH J1 0 2 B R B 50 17 Rk
FEE B BRI 219 NMAME RIS B AR 3 B AR 5 A0 22 ) [R) 3R B ) ] ik
ZE 5y R IAR IE AR AR ACIA S5 BIORH Tt 38 PR B T b B ) T JE e TS AT A [ 2 A
ZH DX 33PN B A S, 7T IR AR SR AT Sy s PR 4HL X)) L A e gl 4o ) B 2% 2 4 1 SRk
FRC B OR B oK o B A58 R IE B S ] e dE e 5 AR T o b S A A
5, FEA I BTG, SEBIN 5 RO D% 1) JE ] () R A K P B TR
BET AR R B M A A& S Liang 55199 (R MOV SHRNAH, XTRRER . 12 AR
ANHER (Q. chenii) 1) 101 DMMABEATENFE, FRECT 1600 £ 734> SNPs BT 7T A B
=AM 3 A TR 46 T R o R 8, L5 S A E S UK B T — R 51 B
FGNL, UESLIRBENEE FRATE sUa B2 FEERN AR R EZE R .
1.4.2 BRIEWFh b 3 N A S

PRIBY PN 2 18] — BEAFAERE | IZ A A HRE oY, R i 458 Ws & UM R . #k
BB ) A R PR AT AR T R A AN RIS v BE TR AS 2 RE I 1 & 1 A R e P b SRR
HIPRAR, 73282 500 IR A 3R Jy“botanic horror 1013, i M FR 10 A2 UESE | iX 28
RS EXTTRREYIA AR . Sk, —Lemt T O i A A 2L DR A EE R 0, A
LR H /K FAESE T — SR it 2 (B R AE T N AEENE, Fln: BN S AR
FhCQ. petraea F1 Q. robur)1®); 7R KR AL P FPAR JE X FH Q. acutissima R Q. variabilis)
[7]/‘%—%0
1.4.3 1 s LA A - sy L BRATE 723t e

JIE LR (Quercus aquifolioides Rehd. et Wils.) FHIIIH &5 LLAR (Quercus spinosa
David ex Franchet), &4 HHE4l (Quercus sect. Ilex Loudon) FEEMF, | 20T
IR B SR AT L K S FLAR AT X B, Ak, Bl A IR AR O R AN T AR 1) R
B, QT 1 vy LA AR P L AR ) P e A A 2 A S5 00 32 DR 2.2 7 T Xt 9 A T 7F
ZHIEER, FlW: Feng SGPUfintapfAzL Ry BUH SSRs BHE4EM 1 1IE S LER (O.
aquifolioides)~ M wEluAk (Q. spinosa) FENKE LKL (Q. rehderiana) s LS54
MFHEEDT SLBNAS, FFEE] 7 AARIRZ AR S 7 ot P HA R B0 A8 Py L 520 . Du 45
(2614 fj 50 55 &2 7 #1 bR (Simple sequence repeats, SSRs) FlIH-SEAKRIE K] i B B4 AH 45
A I 20 ) 1E = L BRAAAE = AR AL 18 2, Hod B 8 s DO R )R = 1L Bk
() Tibet W% RACYE T 8.6 Mya, ZJim #B70 FPFEIE At S AL T L1 JSONT 1| 08 vy SR s 7
TERCT AN & (HDM 3% &A1 WSP 1% 52 Du 2523181 Liu 6142153 5IE A SNPs Al
SSRs 1AL HE AL HEAT 43 B K I PR AR S M i P AN TR R B 1 JEXS BRI
FEDRIR, HA M N RN A A () R DRI 3 2 02 MR e Ll R B = R, AAPE B
T R BRI R, H I HERT AR 8 Ak M VG R R X 5 e SR [ ] 2R S A
X T AHE T F e T I AR Y b R 2 s, BB U )R (Out-of-QTP) 75 Ju 5O
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SNPs #5317 Sadi AL HEM H 1VE S LBk o s L RN B K =g LR A RAORR R R
/N (Effective population size, Ne) [ I [a] ) A84L a5 4010, M HHTH: (Miocene)
HOHE] ERrHE (Pliocene) BRI, = AMFH) Ne 3&h0, 1AM EHE (Pleistocene) |
2ft (Holocene), Ne KA T Wa4d. 7T K I 52 b5t % sh ALAF: BE I <% 835 =
T EAHEEWFERLL (Neogene) FIIE N PHEBHL /04010, Ma 25B7RF #H Il 7
A% 5 DR ZH R o A4 R DR 2H SNPs #8717 1L vy LU BRI G ) LA 348 FR 1 P v LLAR AR R AE 2R
GREW EERRN T3, HEN HT PR E RS R 2.

L5 KXHHEARE, MRENREX

1.5.1 HFFE N

AN FU Ik T4 ik R 2 ER 0 e e o S A B 17 Vs LU R AT ) s LU RS R T AT
VoRmIa A Z e . AR S, JFAEN T Ne. FEPRIR DL A ALt 6] . 2 J5, A e
BN ETHE T Fsr XP-CLR 1 fam, Al 4= 32 A 4H A (1)< 2L K] 2H &) (Genetic islands )
AR HJHTE X AL, KRBT TCIESS G fam AEE R B3R5 5CHR 704 (Genotype-
environment associations, GEAs) 7721\ A I 2 5 YA a]id B iz (1) Dh e 2 A,
FHRFT 1 X oKk RIAE 4> B DR 20 A o0 A 16 DU AN B R ZH AR AIE o B i R 2 T KAS2 BRI A —
AN RV AT P AN AT FE D (Aallele £ G allele) #4582 (¥ 99 Rl 28 2L 5 kLS N AR AT 1R

(Agrobacterium tumefaciens) J& il 2 B E TR - I AEA [RMH 5 (Nicotiana benthamiana)

S AT B VR A B A e N SRR R, AT PR S i PRIE AN R PR B 267 T
Xof Jk R 2T B B RAEAE L, AT AR FUE RIS 0 0 Jry Ml B R 52 o T g
SNPs %4, iz FHBRE AR (Gradient forest, GF) HERITM T 7E PR SEB U =T
P ) R v L AR AT s LA B MG 95 12 DX 3
1.5.2 B 7C H ) L X

A FU Ik T A ik PR 2 B P B AT T R IRA 5 L SO R A 2R A ) Dl e S
B0 B8y UE J7 VEAIE 78 ) B v LU AR AR P e LU R A i L AU TG B TS, BAE
LAR T ey LA R P vy LR R bR I S 3h 2
2 AT )V v LR AT v LU PR T N TS, R e B iz R B o AV R
BEAT 731 SR IR B0 IE
3. TR0 1A vy L AR ART R P v L PR AE R A AR T 55 BOE 99 1 X3



Sk PR A N P 5 AR v LI R AT R P sy L AR AR BB T 7T

2R

2.1 H#mRE

JVEL 157 LR 2 43 A 8 75 R v S S FL AT I X3, R P v LU R 75 R s i A o [ 1
H R B X R T2 0 A AT TR T 18 EARFNEER) 24 AN INE R ILERFE S (Qa W
8, Qa_E: 16 ™) F1 18 /N HARFHEEN 25 AN A= L ARFE Sy (Os W: 124, Os_E:
134, XL HIRFHEEARER T W MR B YA AE Hh B B X R B A el o )1 L ik
(R PP A A T e s B X, SR = LLAR IR 9 S EL SR PR 4R T 75 7k s i s
X, 549 MMBERETREF . REHIX . FFAPPEEARRG AL 2 2> 30km, R
FEAMAR 2 8] 1% 8] [ 20 25 2220 100 mo )1V LR ARH 0 it v LLRRASE o R0 SR R R L
BEEARAE S EAEEILE 2.1 FIR 2.1.

@

40°N = _coam

—~

30°N

Altitude (my"—~
0- 800

K00 - 1600
1600 - 3000
3000 - 4800
> 4800

90° E 95°E 100° E 105° E 110° E 115°E

B 2.1 IR LER Ca) AR SR (b) MECREE RIAEAE 458, DFEIT 4 RS R R ARER
TSRy, MBERIERR TR
Figure 2.1 Sampling sites and genetic clusters of Q. aquifolioides (a) and Q. spinosa (b), the four
different colors represented ancestral components in bar charts and the dashed boxes indicated the
sampling range
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2R 2.1 R LR AR i v LU AR il R AR AR 2

Table 2.1 Sample information of Q. aquifolioides and Q. spinosa

MRS AN
(Population code) (Sites)

JIER WK
GBX P LA AL BYLIA
LZA PUECK R B Z L
MLJ Pa B K AR -EL H S A
LZ Pa Ak 2 B
LZD [ = = o e
BMR P BRI % AR S B
BMS P R 2 L 2R A
CYX U ek 2 R EL e AR
MKD PH ek R L A
MKR [if R 2=y IS
BZL P K o Y
ZD Py 2 kit
XCR V91| 2 Ik B SR
DCE VY1 FE kAR A
YJH VAL 2
DMX V91| Rk e BB A £
JCK NIRRT
PW Pl e v =

S L AR
™ VG SR 2 B 2
CYXC (PR =3 CRERE57
BLLK PaE S E A BE R~
XGJQ oA LR S X
GZ = B AR b AR
GDS V91 R e E 2R 1L
SWJ V91 4 )1 -4 BB
LBZ IPHIGLIE=Y
JZG YN 3R =1
ZJH e 4 s EL 5k S MRk 3
TJS B 7Y i 22 Bk B R
BDX Bt ~-H) 2 )\l 2
TDY WAL AR AR G Hu AT
DJP WAL AR SR 5T
WDS BHALHE T 1
T™MS AR TR K AR
WKS LR T 2 A 1L
SQs L E LB =51




Sk PR A N P 5 AR v LI R AT R P sy L AR AR BB T 7T

2.2 EMFFHHEITIEFANIREL
fiiF TIANGEN 4225 K41 DNA $e BUR7F G RAR, HED xR A Fr it

177 DNA $2HL, 0T HRBUR Ml Jon 5 AN (A it P00 FH 1 75 b = HR R R4 e v

(Cetyltrimethylammonium bromide, CTAB) #2&HU &% i & 1) DNAPY, FrE &S
%] DNA #4E —4CI/F (Next generation sequencing, NGS) CJZE )7 ZR A DNA
7R, DNA BEKT Iug (57 DNBSEQ “F G317 DNA /N BUOCEM g . 1
BGISEQ-500 ¥ & XJ /AN G4 1) SCEHEAT A R ZH S o K X3ty (Paired-end) 150
bp HIII P SR, BEANANMA I PR FE A 30 <o SR J5 K5 SR H L 46 77 51 4 (Raw reads)
{81 F SOAPnunker ver. 1.5.4 34T 5T SE45 5115, BAA BT B4z J5 0 4

(1) ZERALE 74k ] reads;

(2) EBRCEEE ] (base FiE/NT85ET 5) KT 50%H] reads;

(3) ERRARIIREE (N B FEGIKT 10%0 reads.

ff H B % kb X % 4+ BWA ( Burrows-Wheeler Aligner , http://bio-

bwa.sourceforge.net/bwa.shtml) SOMg 2858 | IR i FE 4% 1) 15 2] (1) T EE  (Clean data)
Lot 2R IR S RN A b, BAARZHON: “t4-M-R”. BB 5EE, X4
P B reads FEATMIBR, (RIS 2B mapQ E/NT- 30 ) reads (2% & : samtools
view -q 300 . N T BE AR JE 8 A& R R WM R K, A GATK

(https://software.broadinstitute.org/gatk/) L JEH & LEXT 1) reads. < J&, f#H GATK
BAFERTREAAMA AT SNPs 22 il , BARZ 404 -glm BOTH -T -stand_call_conf 50.0
-dcov 1000 -A Coverage -A AlleleBalance. %%, FTA 5 IEERAEAFAE vef XA,
T B BT A FE I SNPs Flfdi N /B2 (Insertions-deletions, Indels). X FTA HI4E5H
A AT JE Chard filtration), HAKSH#EN: -T VariantFiltration -R genome.fa
-V AllSample.genotype.raw.snp.vcf.gz --filterExpression "MQO >= 4 andand ((MQO /

(1.0*DP)) >0.1) "—filterName "HARD TO_VALIDATE" --filterExpression "DP < 5

" --filterName "LowCoverage" --filterExpression "QUAL < 30.0 " --filterName
"VeryLowQual" --filterExpression "QUAL > 30.0 andand QUAL < 50.0 " --filterName
"LowQual" --filterExpression "QD < 1.5 " -filterName "LowQD" -o

AllSample.genotype.filter.snp.vef.gz. £d— RYE JE G HA MR B SNPs £¥5 T VCF
S AT R ST

VCF SR SAF{EARTI =R SNPs, 75 22t — 0 i SR X 5 B2 53 B 1 52
HAR G JEFR QT
(1) ERREREE> 10% (-geno 0.1) Bid/NEMFEEAIR (Minor allele frequency,
MAF) <0.05 (-maf0.05) ff] SNPs;
(2) ZFRAEA YR eh 5 8 1 -J5 A 4% (Hardy-Weinberg, HW ) P-4 & 3% i 2% /N T+ 0.0001
(-hwe 0.001) Ff] SNPs;


http://bio-bwa.sourceforge.net/bwa.shtml）%5b60
http://bio-bwa.sourceforge.net/bwa.shtml）%5b60

MBI

(3) LBRENERFER (GQ) <30 [ SNPs;

(4) N T I/ 3EIEBIAS T (Linkage Disequilibrium, LD) %f SNPs {540, £ PLINK
v.2.0 ' C(http://www.cog-genomics.org/plink2/) ©2ii F§ Z#“-indep 50 10 0.2 JiE 5%
B SNPs 177 /5

2.3 MBHEEZE S
2.3.1 B R

iz} VCFTOOLS ver. 0.1.15313E4T 10 kbp JEE B B) & 117 (window size = 10
kbp, window step = 10 kbp) V15 J1VE i LLAR A I i iy L1 BRAEEAN 1S 22 10 4 B R 2H 7K 1
() = F1 Tajima’ DI, gb4h, 4 7 Pk &N R 4 KF 1) LD, {#H PopLDdecay
ver. 3.4011+%57 100 kbp JEE B 11 % SNP Z B Pk 250 (), “FHIFTE
100 kbp & N 45 R 5 AT /T AL .
2.3.2 FPfEEs

BT O RA] R BEFRE K Y (Markov chain monte carlo, MCMC) % 7% [
ADMIXTURE ver. 1.3.00 5 {1 ] DALV IS 56 23417, 15 T A1 0 A 3 45 i PR A3 R 2
Eefil. Z it KAERE N 1-10, 1HREAZXEHE (Cross validation, CV) iRZEH /)
(1) CV EX M K N BRI R, FRE RS R4t B o R . fFH R iE
= Y “adegenet” 2 - BLITIBAT 1) T 14343 HT (Principal components analysis, PCA)
SINTMREEAE R, SRJEAE R BT HREIMAFERKS (PC1, PC2) £l i K.
233 RAKBE MM

AHEFAE ] VCF2Dis ver. 1.42  Chttps:/github.com/BGI-shenzhen/VCF2Dis) 44
PLAR #2728 (Neighbour joining, NJ) M R4 &k . [FIEF, I&4# ] TreeMix ver. 1.13[68]
DL RALSR: (Maximal likelihood, ML) #4 R4 K B R, FAKSHECA: “-se -bootstrap
-k 1000 -m 57, SR/EMH R 155 heOptM AT HERT R m H. &/5FH iTOL

(Interaction Tree of Life; https:/itol.embl.de/) 72k T. 2 v ¥4k L3k 23 B4 2 i) NT 44

A ML #
2.3.4 PP s ah 35

A5 FH 6T e 51 B ] SR A S (Pairwise sequentially markovian coalescent, PSMC)
OOVt 1 9EL v LL AR A I i LR NS R AT PR D s B S B, BESE0h: - N25
~t15-15-p"4+25%2+4+6". ABFFUHGEEE RS E T IR SR AR
17 PSMC 7341, LAERUEXS Ne (Al B R HERR 1 . X5 T RSN PSMC 43 #ridk— 2 dk
1T 1 100 {X bootstrap ffiit. X HE 2% | Sork VbR, WE AL (Generation
time) N 30 45, RAFZHE (Substitution per site per year) A 1.0x107%,

T PSMC X T-FE4— 74 LN I Ne B AR E PR 22, At — B4 T
FETFhBEAL S5 ARE  (Site frequency spectrum, SFS) [#) Fastsimcoal27 1 HTiR IR T

9
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P LIS, B4, easySFS.py JIA (https:/github.com/isaacovercast/easySFS) #f
% VCF #& ST A b il Se ik X Csfs)e XERE 1 8 NMFHEREL
P SEARAY B B TR B 46 1 )1 s L R AR g LR A 3L RIS Fi B . R T 3R
BRI S BB EE R, W4T 50 GEAR, BRUGAREEL 10 /5
R, B Ja i iR KRB (MaxlogEst hood) #5 K — ARG RAEZBAL ) S5
B R . FIR, @A E S &N (Akaike information criterion, AIC) A EE K
e A . B fiE, A A SRR A A 100 2B S H0 A, X 100 ANA: AR T
UGHAT 40 BALEAT A 95 % B AG X [H] .
2.3.5 B[N 20 By fer il

T ARG A FE KK 2 (B AN b 8] iR ag AL 74k, {8 10 kbp JEE SIS & H
VA ECAN R EERT 2 18] (1) SNPs S8 A7 FE LRI, DL KA I )1 v&s Ll BRI P 7 LU AR
Z 8], NEE LR R 28 (Qa W vs. Qa_E) AR & LBk R 2 8] (Os Wvs. Os E)
TEREANFER A < SE R (Geneticislands) . [ THE T 84N L1 Fsr 1 XP-
CLR Gl &. AT 1 Fst ot BN & HW) Fsr (Z - Fso), 8 AR
HZHH Z - Fsr>2 BIE IR 87, X T XP-CLR Fith&, A58 E X XP-CLR
Gt EHT 5 %A O EERIH . AR M7 R AT DA U A N S AN 2 TR )
A DRV AH PP R I8 A% 73 A DX 3G, L P 77 3% T I v 000 891 ) 2 8 DX 4B T g it A 74k
PEEE. A R BT H“topGO I FE 7 A % 1X L 5 B 11 2k R 40 By g AT 2 R AR A4 18

(Gene ontology, GO) 7#T1, FHKEkiR KILZH (False discoveryrate, FDR) /N 0.05

€ SCRBER GO BT R Mok, AUtFiib & 17 HAh 2 AR 2 18] 1)
Fst, it— BB FUY A0 N )M A (RS 04k o X SERR N A4S 1 R L BRI A
FpRE AN = LR T 8 R 2 B R EL3 Q. aquifolioides vs. Os W, Q. aquifolioides
vs. Os B), HIIM- =y (AR BT B AR TR m AR B T A 18 R 2 B LR (Q. spinosa
vs. Qa_ W, Q. spinosavs. Qa_E), JIES R ITE IS R AE s LR IrE 1% 22
BIFIEEE (Qa W vs. Os W, Qa Wvs. Os E, Qa Evs. Os W, Qa Evs. Os E), LA
J% T e e S XM R A 7 R v S P 2 TR LE S (QTP ws. non-QTP).
2.3.6 F:#NE

Dsuite! 3 A4 0] BLiz K [X 73 & R T2 FUA 58 4218 R 431 (Incomplete lineage
sorting, ILS). F 4G, f#H Fbranch f2/F 11 H AN RGE K T 7 XK fbranch Giil & .
SRJ5, fH Dtrios #£F ATt D M fy-ratio Ziit &, W/GMHEZEINE 7L (window
size = 50 SNPs, window step = 20 SNPs) 115 IR &A1) fam (E, AT
FERAH A BRSNS X3 K% Morales-Cruz S5 HITHE 7%, B HT X % fam LY
8 SCHTETEENE X3, o X & fy-ratio Soit- AN THRIENS LB e . N T
A DRI 2H v 5 £ RIS DX ARFAGE AT 98 Fh i i B 2 36 DR 2w )8 7 T8 [X S RN R A
SR SV Fst, Dxy [EAMYIF A 748, FFRTAAL 7 #02 XA ] SNPs

10
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fE 1 Mb & HA IR LA . ] R 35 5 HhtopGOU R Fp AW Wi X 3N 1 D g
PIEEAT T GO & 504, DMK € S DX 72 15 RENS ' 42 B N AR 2E Y a1 45
Fo

2.4 Y EERBF T
2.4.1 W45 R T I 3R EX

AT TR A S A7 B s 2205k H T WorldClim: Chttp://worldelim.org) 3144
JE o XA A B A5 1970 - 2000 473 #5504 30 seconds ) 19 M EH) T A2 E (Bio01
-Biol9). 1 Bio0l - Biol 1 fUR SIREMKAIEY) TR R, Biol2-Biold RS
BRI SR 2 . BeAlh, ABFFE NE T 2050 FF1 2070 AR BRARIRE

(Representative concentration pathway, RCP) "~ 19 M55, £.7 7 RCP 2.6
FIRCP 8.5 P FR IG5 o
2.4.2 FE - A G R #

A5 FH 3 e 22 LR B - 3R 855 S Bk 40 BT ( Genotype-environment associations, GEAs) K
) 25 [R] £ w52 21 B 858 738 A0 52 e ) 3 I P 10 A% 7 S o e DB TR, 43 ) e T AE R 3R TR
AR (Latent factor mixed model, LFMM) OIF1T 44347 (Redundancy analysis,
RDA) U7,

LFMM 3 #fr/2ilid R 8 5 R LEAVSIRE P A Sl  m] DA% e AP 15t 4% 45 4 i >k
IR, BEAR ) AR5 A B N A5 A R DRI 2 TR [ S 35 00 3, AT S 32 B A58 A%
TesZm i) % SNPs. & #ria AR &N 19 MY SR F1E17 T PCA 43
HrfE I PCL, 2T 5 RBEEE PSR (Biol0), FR/KE (Biol2) BLAET HM
BE/KE (Biold). HARSHILE N MCMC #HT 10 JMSLIEH, 54 iterations & &
4100000, burnin & A 50000.

RDA Zr#frizHl R 155 H vegan VL 7 CLEA TR I 52 B PR 58 4k 52 1 (1) gt A5 A8
SO R 1AM B AREAS RIS R &S A usdm BUIRT 19 ANSAEAR FHAT H ZE
JERK R+ (VIF) 40#r, MHER T IEMEBRERT 0.7 AL S, RARE T 61
ERRAEA E, aale: SR (Bio03). FRFRZE (Bio07). HieZEE I E

(Bio08)+ iz H /K& (Biol3). T HInEE/KE (Biold) MEEKEZTEALL
(Biol5),

WA IR VR TR SNP AW SR AR & 2 [ I AH O, AT 58 Hols FDR
<0.05 ] SNPs HEE NP HE & i T HEL R R BB LA 7. RIG/E R 6 H AL
T WAt GEA 3L [E A I B i 3E N M SNPs £ 1 Mb & P 158 FE o0 A, X AR IX
L8 SNPs D RERE R IEAT T GO ‘B 470 #, T i A 4 1) Jm Hb i B ( Local adaptation)
B
2.4.3 WAL RIS B 1 2 0k &R

1
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(1) &ttt
Mantel A Mantel 345 F -6 I 75 5 i SR A0 A 77 5 e S AT B PP A7 A2 ) 3t
PRGBS (Isolation by distance, IBD) FlI¥fH5FE % (Isolation by environment, IBE) [8!]
XA R M o i Mantel W4 7 V8 I 45 1 PR PR 2R i 52 i R A ) IBD, 38
a1 R R 2R B s e SR A IBE o 43 Mk A vh i 75 BB R S AR R (Fsr FERED) 18
it genepop FAFSEEL, HUIEEE BAE PR fE A R 15 H“geosphere”BFE T AL THELIM K,
B HE BRI 2@ R 15 5 H e ecodist’ PR P TR K . BUAL, BT IR TR
s e S PR AN SR v A R S T PR B A B 0 R O L b i ) e R R PR B PR B AR R
[] FRIAH S
(2) &ttt
£ R G F AT “gdm™ 2 P AL SEIL ) SOAH 7 @28 (Generalized dissimilarity
modeling, GDM ) BTR] DL figg Afr 75 788 e S b B R 75 78R o R A pA) 08 11 2 A5 A S 5 b 34
R RBEAEYSFER R M IELHEIRL R, GDM 2 #T e vFd I & fLA (I-spline) 1
TG AL B DR AR VR R0 FE AR AL I B3R, IR AR 3 S 1 2y LU AR AL AL & R R 2 191,
2.4.4 T NLEETE
4546 fam (BN GEAs Rl 777, AHIE 7012 B I RE LR 20 v 2 5 W ) 3 S Ve i
(D fe AL R o X 82 5 38 B HTIE ) D e 2k DR R AE B DR 2H s XN B2 b & —
MNEREAR R A, IRIEAE R OB S PRI 11X L2 558 B 2 1 D Re B ()
FIAC AN, B 3 AR . 3T R ELBLIX L Ty e D] 5 2k DRI 2 v HoAh 2R A BE R R K
FEAriX L Th e FL PR TR i NP SNPs B 5 AN 3 K E . HENrE NS KRS
ML EE RN A SR KBS Z A OC R o A, BT Oab i B 1 2 508 B
BB & M SNPs b R 20 bp EE 741, {1 H Plant Cis-Regulatory DNA
Elements Database £ % fH 4 )i X # % DNA Jt fF % # &
(https://www.dna.affrc.go.jp/PLACE/?action=) TR AE 47) 7 7] GE ) DNA R 4% 7o
2.4.5 4y F YIRe SL e SeE
AL T KAS2 (evm.model.scaffold92.49) — W&+ GTICONSENSUS
VAT BN ERIMERT A (3_82758545) PRITIZIE B 1 4% A48 S G o] B i 0 o
XK AR RIEFE L 1. HoE, R T KAS2 R A KIPIRIE Fsr A Dxy, LA
AN ol ARG ST JE ) SNPs #8545, 1R T KAS2 B:K LK
Je B DX 380N BT AT P PR SNPs TR IRIFEBEAN P AT i B2, IRAE R B & TP T il AL . K6
Er PRI R AL A2 T (GAAAAT, GAAGAT) @t Hix BIKEE 5, 45l
$:31| 35S mini promoter 1 INFI1 2K, fxZ& M5 7 ARk : (GAAAAT)s - 358
mini :: INFI F1(GAAGAT)s - 35S mini :: INFI . $5 %5 Fh 282U 5600 9 8 N R AT B
(Agrobacterium tumefaciens) EHA105 X320, < 5 A¥EFE2E (10 mM MgCl2,
10 mM MES, 200 mM acetosyringone) H gk o 5 A 1 R AE = IR &SR 3 h,

12
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F 1 mL eS8 705K & B (GAAAAT)s - 35S mini :: INFI ¥] A. tumefaciens it
A AF T8 B8 VAN & (GAAGAT)s - 35S mini :: INFI 1] A. tumefaciens 5 R% IR AT # #
TR 5 B HT A B (Nicotiana benthamiana) W W . A T Tl 70 5 o 32 K] 72
56l ARIRATER AN IR &R, Wt 1 /SR () S5 2 A

(1) 16 h JfE (25°C) /8 h iy (20°C)  CAFHEZD);

(2) 24 h i (20°C);

(3) 16 h 6 (25°C) /8 hikEf (20°C) ##4:30h, ZJ5 24 hit (20°C);

(4) 24h Bt (20°C) FF£:30h, ZJF 16 h L (25°C) /8 h i) (20°C);

(5) 16h i (25°C) /8 h#E) (4°C);

(6) 24 h FHMLARS (25°C).,
RERDPASE IR SEAG 22 /D AT = IRSEIR B T
2.4.6 R Ktwiz T

f£ R iE 5 18 H “gradientForest % 57, S IR E S HOHL &5 257 =3 R 77 2511

BEEERRAR (Gradient forest, GF) H Tl 55 AR A5 AR A0 ) 1 &y Ll MR AR vy LR AR
AR Xk B AL IR e (Genetic offset) s %73 BT/ 25 T 24 B S R A SR S5 2[R 1)
R LA BE B 5L mAS . HHREFIH ArcGIS 10.2 2 PIANER B P Fh AL 25 M H 4 A1
Ko A 5T ia G2 B RIS T 7 2050 4FEA0 2070 SFE£E AN [F] AR PR B HEBU 5

(Representative concentration pathway, RCP) T 1 )11 E =y LLAR A3 - vy LA 3824 i
X3, A5 7ARHAREUE 5t RCP 2.6 M ARRUE 5t RCP 8.5. Hrr/r#irid #& b i ]
H A A TR LT GDM 23 B &5 B vh 7 Sl 0k 35 e JE A B A0 3 75 R v S A A )
AR ST NS e K B A SR AR BAE OV AR AN, ANHIFFUakiE I 2 B ik N 1
B IUE SR B 18 A% 28 A N ST GF BERLTII, R T3 L T2 W e SR 5h 4)
ot Ao PRI B AR AR
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ARER

3.1 EERFBEM LT FALS

JU R T LLOASR AR - 5 L AR R0 PP IR BE YO LA 24.2% - 47.4%, FF H. 85 % LA EAMA
PR FE AR 30 <o ZEMIPIE AR A, HERIELE 99 %LLE (Q20) MIBRIE IR A
94.2% - 97.3%, “FIMEH N 95.4%. MFEHEH GC ZEILHEHN 36.6 % - 41.1 % (Fix
F). ffH SOAPnuke ver. 1.5.4 #4THEd € (Hard filtration) J&, J:iFr=4E T4 1.85Tb
EMEEHE, 3R T 2170823 /> Indels £1 18 039 605 /> SNPs, H:H1 Indels 145,
1073905 NMEATN 1087 088 ANk o fe 273 748 ) 1 vy LA AT i v LL AR o DR B
7 358 661 > SNPs 1 346 281 4~ SNPs Fl T 5 420 #7 -

3.2 $FHh A Fn 7 8] B (X B FFIE
3.2.1 8 Z ST

10 kbp JEH S W BN T L TR B E LRI s PR B s 2 41 45 R 8
% Oa E W RZEIHEE AT 7, Os BRWAN o A%, &AM Tajima’ D 4iit
w=NIE, RN EREYI M BILIE ) 7R (B 3.1). 4k, 100 kbp 153
& VAT REYA T (LD) R Qa_E Al Os W RILHPRIE K LD 3EEM,
Qa W H1 Qs E #EREZIH SR LD k=l (B 3.1),

(a) (b) (c)
06 - 20 — v Qa W
_ 0.4 = == (u L
0.5 1 T 17T 7T 15 4 Os W
v — s I
0.4 4 10 0.3 1
031 Eos4 ¢
= 0.2 4
3 o : e
021 0 A —
0.1 1
0.1 4 .5
(e — -0 0 ¢ . . v . :
OaW OuE (s W OsE OaW QakE OsW OsE 0 20 40 60 30 100

Distancc (kb)

3.1 R LLERAN R e LD AR R KB AL 2. 10 kbp 3N & FHETHRER () o
(b) Tajima’D; (¢) i 100 kbp EH FIF & LT H A R IBEBA-F
Figure 3.1 Genetic diversity of Q. aquifolioides and Q. spinosa. (a) = and (b) Tajima' D of each lineage
of Q. aquifolioides and Q. spinosa was calculated using 10 kbp non-overlapping sliding window; (c)
Linkage disequilibrium (LD) for each lineage was calculated using a 100 kbp non-overlapping sliding
window
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Figure 3.2 The genetic structure of Q. aquifolioides and Q. spinosa. (a) Model-based population
assignment by ADMIXTURE analysis for K=2 to 4. Each bar represents a single individual, with
portions of the bar colored depending on the ancestry proportions estimated assuming K=2, K=3 or K=4
(b) Principal component analysis, each dot indicates an individual and each color indicates a lineage
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Figure 3.3 Phylogenetic tree of Q. aquifolioides and Q. spinosa. (a) Maximum-likelihood (ML) tree
inferred by TREEMIX. Arrows indicate the direction of gene flow and are colored according to the gene
flow. (b) Neighbour-joining (NJ) tree constructed by VCF2Dis. Each dot indicates an individual and
each color indicates a lineage
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Figure 3.4 Effective population size of each lineage was inferred using PSMC. The generation time (g)
of 30 years and mutation rate (u) of 1.0 x 10 per site and generation. The x axis represents time and the
y axis represents effective population size

Fastsimcoal2 #40\ AP EEHEAL D) s R v i A 40L& 457 4 Model 7 (MaxEstLhood
=-4724991.758, MaxObsLhood = -4401106.725, [t A, i3 G), AL R E IR
TR LA AN T 3 L AR A (R A S A R ZI7E 14.88 Mya (95% Cl=11.62 - 15.93 Mya)
RAWFMALE: B, 724 8.98 Mya (95% Cl=7.25-10.03 Mya), HH & LAR
LSRR R AE TP NS Rk, TR NS R (Os_ W, Os B); {££]3.04
Mya (95% Cl=2.63 -3.97 Mya), JINE G IWARAESEMEE R AE TYR N RIS R 1L,
T Qa W Il Qa_E PANSEE 22 (3.5, Fffsk HD o AR Aot AR AR 3 R
G 5485 SR R B AP IR R R M Qa E 3 23] Os W ik RIEAREER (per-

generation migration rate = 3.4¢-5).
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Figure 3.5 Schematic of the demographic scenario modeled of Q. aquifolioides and Q. spinosa using
fastsimcoal2. Arrows and numbers indicate the direction and size of gene flow, and the ancestral
populations were shown in light and dark grey for Q. aquifolioides and Q. spinosa, the point estimation
and 95% confidence intervals of demographic parameters were shown in Appendix H
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Figure 3.6 The result of Fst and XP-CLR was calculated using the 10 kbp non-overlapping sliding
window method. (a) Q. aquifolioides and Q. spinosa, (b) lineages of Q. aquifolioides and (c) lineages of
Q. spinosa. Red horizontal lines are thresholds for Fst and XP-CLR
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Figure 3.7 The result of F'st was compared by different population pairs based on the 10 kbp non-
overlapping sliding window method. Numbers are mean Fst and dashed boxes indicate two or three
lineages as a group
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Figure 3.8 The f-branch (fy) statistic showed possible gene flow from the branch of the tree on the y axis
to the species or population on the x axis. The red color indicates high levels of gene flow, white color
indicates low levels of gene flow, and grey color indicates that gene flow is not estimated
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Figure 3.9 The fau values between Q. aquifolioides and Os_W. The region above the black line was
indicated potential introgression region, red arrows showed functional genes involved in local
adaptation in the introgression region
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corresponding genetic diversity values
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Figure 3.11 The positional distribution of SNPs were detected by fiam
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Figure 3.12 The number of SNPs was detected by fam within 1 Mb window across whole genome
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Figure 3.13 The result of GO enrichment for genes using fagm. Only those of results associated with
abiotic stress with p <0.05 are shown
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Table 3.1 Functional annotation of genes responsive to abiotic stress within the introgression region across whole genome

237 IR E pfE 3%

(Gene) (Homologs) (p-value) (Description)
evm8.model.Scaffold224.8 ATDTX28 0 Response to water deprivation
evm8.model.Scaffold256.52 ERD3 2.00E-143 Response to temperature stimulus
evm8.model.Scaffold237.21 SUD7 3.00E-81 cellular response to light intensity
evm8.model.Scaffold92.49 KAS2 0 Response to cold
evm8.model.Scaffold175.11 DWF3 2.00E-27 response to light stimulus, response to water deprivation
evm8.model.Scaffold724.36 HSP83 4.00E-143 Response to heat
evm8.model.Scaffold1105.1 ROF1 1.00E-27 Response to heat
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evm8.model.Scaffold1.69

evm8.model.Scaffold350.22

evm8.model.Scaffold32.115

evm8.model.Scaffold308.48

evm8.model.Scaffold961.11

MYB4

REF3

SSN1

RD2

CYP81D8

9.00E-72

6.00E-79

3.00E-141

4.00E-10

2.00E-147

negative regulation of DNA-templated transcription

Response to light stimulus

DNA repair

Response to desiccation

Response to oxidative stress, Response to salt stress, Response to water deprivation
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Figure 3.14 The result of adaptive SNPs were detected using two GEAs methods. (a) Overlapping
adaptive SNPs were detected in (a) QTP populations and (b) non-QTP populations. The dashed boxes
showed the results of GO enrichment for genes containing these outlier SNPs, only GO categories
associated with abiotic stress (p <0.05) are shown

T 0 e SR AR AR OE R SNPs 7 5k PRI 4 o () A3 B0 %5 52 7y A 435 TR AR W) i A
SNPs 5 L3R JINE R IARA Os W HJZE K HH2 X I8 SNPs 2 B AR AEAHEL, 3222
ErPESE R RE X, JF A etk ERZFEE (8315, K316,

26



1.00+

0.75+

050

Percentage (%)

[

000«

SNPs (detected by twa GEA methods)

K 3.15 piff GEA J7 Al £ 135 (R SNPs (I & 70 A Ge it
Figure 3.15 The positional distribution of SNPs were detected simultaneously by both GEA methods
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Figure 3.16 Number of SNPs detected simultaneously by both GEA methods within 1 Mb window
across whole genome.
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# 3.2 T e JEUR RS i B A Mantel 1l Mantel 454645 5
Table 3.2 Results of Mantel test and partial Mantel test in QTP and non-QTP populations

QTP (Q. aquifolioides; non-QTP (Qs_E)

Qs_W)
Mantel's r P Mantel's r P
Mantel test

HPEREE (IBD) -0.01853 0.6129 0.309371 0.139
HERGE (1BE) 0.131436 0.3773 0.131436  0.3773
partial Mantel test

M FEE (1BD) -0.03326 0.654 0.35975 0.0441
IR (IBE) -0.14013 0.8232 -0.23218 0.87

BEAL, LA ek e SRR R A el ey i 2 TR A8 0 R P 2 R 9 5 P 2
EE R TR = Z AT ARG ERNE I 2R, B 7 7 e SRR AT A 75 R v i - ) 30 £ B 5 11
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Figure 3.17 Euclidean distance matrices based on genetic, geographic and environmental data for QTP
populations and non-QTP populations. (a) Genetic distance matrix, (b) geographic distance matrix and
(c) environmental distance matrix. Red color indicates a long Euclidean distance and blue color
indicates a short Euclidean distance, the "***" above the double-edged arrows indicates p < 0.05
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Figure 3.18 Importance of environmental variables based on GDM for (a) QTP and (b) non-QTP
populations. Orange color indicates bioclimatic associated with variable temperature, blue color
indicates bioclimatic variable associated with precipitation, and green color indicates geographic
variables
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Figure 3.19 The length of each gene across 12 chromosomes. Orange circles indicate genes involved in
adaptive introgression, red color indicates gene with longer sequences and blue indicates gene with
shorter sequences
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Figure 3.20 Comparison of the length of the genomic background, genes that occurred introgression,
genes containing adaptive SNPs, and genes that occurred adaptive introgression
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Figure 3.21 Linear analysis of the number of adaptive SNPs and (a) gene length, (b) intron length and
(c) exon length for genes that involved in adaptive introgression
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Figure 3.22 Results of regulatory element prediction using Plant Cis-Regulatory DNA Elements
Database for adaptive introgression genes upstream and downstream of adaptive SNPs. Of all 247
SNPs, ~ 60% (148) were predicted to be located in known cis-regulatory elements of plant DNA, and ~
17% (42) were predicted to be located in cis-regulatory elements in response to environmental factors
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Figure 3.23 Characterization of the K4S2 gene. (a) LFMM and RDA results of SNPs in the K4S2 gene
and its surrounding region; (b) KAS2 gene structure and two allele genotypes of candidate loci; (c)

Linkage disequilibrium in the K4S2 gene and its surrounding region. Two different color dots at the
same position on the horizontal axis indicate the LFMM and RDA results for the same SNP, orange dots

and blue pentagrams indicate candidate loci
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Figure 3.24 The result of inter-species (a) Fsr, (b) Dxy, and intra-species (c) = values within the K4S2
gene. The x axis indicates the position of the K4S2 gene on three chromosome and the y axis indicates
the value of the genetic diversity index
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Figure 3.25 Allele frequency of an adaptive SNP located in the intron of KAS2 gene in each population
of (a) Q. aquifolioides and (b) Q. spinosa. The blue color indicates A allele, grey color indicates G
allele, and the map background is mean annual temperature (Bio0O1)
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Figure 3.26 Reaction of Nicotiana benthamiana leaves was injected by agrobacteria containing two
genotypes under four environmental conditions. The dotted circles on the left side of the leaves were the
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Figure 3.27 The results of genetic offset of two Quercus species using Bio02 and Bio17 climatic
variables in 2050 under RCP 2.6. (a, b) Q. aquifolioides, (c, d) Os_ W and (e, f) Os E
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Appendix A. Eight population historical evolution models were simulated by the Fastsimcoal2
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Appendix B. The results of genetic offset of two Quercus species using Bio02 and Bio17 climatic
variables in 2050 under RCP 8.5. (a, b) Q. aquifolioides, (c, d) Os W and (e, f) Os E
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Appendix C. The results of genetic offset of two Quercus species using Bio02 and Bio17 climatic
variables in 2070 under RCP 2.6. (a, b) Q. aquifolioides, (c, d) Os W and (e, f) Os E
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Appendix D. The results of genetic offset of two Quercus species using Bio02 and Bio17 climatic
variables in 2070 under RCP 8.5. (a, b) Q. aquifolioides, (c, d) Os W and (e, f) Os E
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Appendix E. Reaction of Nicotiana benthamiana leaves infiltrated by agrobacteria containing two
genotypes under two environmental conditions. The dotted circles on the left side of the leaves were the
region of injection ((GAAAAT)s - 35S mini:: INFI) and the right side of the leaves were the region of
injection ((GAAAAT)s - 35S mini:: INFI)

light 16h (25°C) / dark 8h (20°C) continuous dark (20°C)
l After 30h l After 30h
continuous dark (20°C) light 16h (25°C) / dark 8h (20°C)
o] i)
] ]
= Z
~ ]
E E 30h
=] £
w2 78]
W el
cn o
' '
= =)
< <
< &)
< <
< < 60 h
Q )
= <

55



T 2 DR 2H BN P AR R v LU R AR 7 1L AR N BT 9T

BrEsse oV v LR AT R Pt sy L A e A Bk 25 R e

Appendix F. Statistics of sequencing and mapping results of Q. aquifolioides and Q. spinosa

MEGT  WERE ReEE ke mess 00 DR Hatea  OMF
(Population (depth ( raw ( clean (bp) (clean (bp (%) (%) (Mapping (Mapping
code) ) reads) reads) (raw data) data) 3 read) ratio)
Qa_LZD 17 27.819X 219383168 212825472 32907475200 31923820800 150 95.13 38.38 214637501 97.71
Qa_GBX_2 37.860X 297204112 289635454 44580616800 43445318100 150 95.41 37.24 293953794 98.34
Qa_GBX_ 21  39.270X 308811744 300426938 46321761600 45064040700 150 95.48 38.93 288732832 93.21
Qa_MLJ 5 32.874X 259578274 251491496 38936741100 37723724400 150 94.88 37.60 255304548 98.39
Qa_LZA 26 26.461X 209963332 202433570 31494499800 30365035500 150 94.85 37.73 205774543 98.52
Qa_LZ 12 35.861X 297473652 274349092 44621047800 41152363800 150 95.44 37.64 279542837 98.72
Qa BMR 9 26.694X 209964678 204214316 31494701700 30632147400 150 94.87 37.83 208253034 98.84
Qa_ BMS 3 33.633X 266201314 257300196 39930197100 38595029400 150 95.99 37.64 260739646 97.98
Qa CyX 14  37.016X 293615644 283183644 44042346600 42477546600 150 95.35 37.61 286702832 97.98
Qa CYX 15 34.572X 274984176 264487044 41247626400 39673056600 150 95.42 37.64 268900769 98.39
Qa MKD_14  30.841X 244212544 235942986 36631881600 35391447900 150 9491 37.53 238883057 98.05
Qa_MKR_15  35.711X 284800978 273197366 42720146700 40979604900 150 95.07 37.46 278985092 99.03
Qa BZL 19 27.447X 216812616 209978532 32521892400 31496779800 150 94.72 37.68 213556436 98.18
Qa_zD_3 43.160X 351915756 330187906 52787363400 49528185900 150 95.64 37.87 339307657 99.27
Qa_XCR_6 24.160X 195254690 184831208 29288203500 27724681200 150 95.12 37.26 189526594 99.09
Qa_DCE_8 28.223X 224094552 215914040 33614182800 32387106000 150 94.98 37.28 221203731 99.12
Qa YJH 2 38.813X 307237232 296933602 46085584800 44540040300 150 95.61 37.40 303603641 99.08
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Qa_YJH_5
Qa_DMX 7
Qa_DMX 8

Qa_JCK_7
Qa_JCK_12
Qa_JCK_14

Qa_PW_6

Qs_TM_1

Qs_TM_3
Qs_CYXC_2
Qs_BLLK 9

Qs GZ 4
Qs_XGJQ_1
Qs_XGJQ_3
Qs_XGJQ_ 2

Qs_SWJ_2
Qs_GDS 8

Qs LBZ_6

Qs LBz 8

Qs _JZG_2

Qs ZJH 9

Qs ZJH 1

32.843X
31.492X
31.960X
36.657X
37.912X
38.966X
33.361X
34.543X
31.324X
32.384X
37.216X
32.845X
33.559X
37.341X
34.333X
40.212X
47.371X
37.325X
28.309X
35.397X
38.679X
30.974X

257969890
247367892
250895674
288653828
300066766
306398242
261721410
271561268
243637638
254548784
290214906
256654216
265015824
293065508
270003264
312399110
368841690
288579388
221849504
278015408
301547228
241362366

251259264
240920886
244506206
280434602
290033146
298097130
255220584
264265746
239637564
247746774
284711856
251272332
256733246
285670630
262654124
307630914
362399486
285544338
216571112
270799202
295903288
236960106

38695483500
37105183800
37634351100
43298074200
45010014900
45959736300
39258211500
40734190200
36545645700
38182317600
43532235900
38498132400
39752373600
43959826200
40500489600
46859866500
55326253500
43286908200
33277425600
41702311200
45232084200
36204354900

37688889600
36138132900
36675930900
42065190300
43504971900
44714569500
38283087600
39639861900
35945634600
37162016100
42706778400
37690849800
38509986900
42850594500
39398118600
46144637100
54359922900
42831650700
32485666800
40619880300
44385493200
35544015900
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150
150
150
150
150
150
150
150
150
150
150
150
150
150
150
150
150
150
150
150
150
150

95.11
94.93
95.44
95.75
95.70
95.15
95.09
95.16
96.20
95.88
96.27
96.69
96.04
96.06
95.96
95.43
97.33
94.88
95.43
95.77
95.60
94.23

37.56
37.53
37.37
37.47
37.71
37.78
38.54
4111
37.26
37.66
37.26
37.21
37.42
37.43
37.20
36.79
36.97
36.57
37.48
37.42
38.16
41.12

254219146
246823137
249906247
287274376
296268091
304303485
236103940
230946538
243482023
252158298
290648860
256704476
261197630
289949375
268489177
314182966
370248570
291006406
220469770
276390854
295977651
218117300

98.03
99.11
98.85
98.99
98.81
98.66
89.83
84.99
98.21
98.50
98.77
98.88
98.56
98.21
98.82
98.68
98.48
98.50
98.51
98.53
96.71
89.33
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Qs_TJS_ 3
Qs TJS. 5
Qs_BDX_9
Qs _DJP_22
Qs_TDY_17
Qs WDS 1
Qs_TMS_3
Qs_TMS_8
Qs_WKS_15
Qs_SQS_3

36.906X
36.213X
30.327X
33.150X
33.938X
37.927X
30.385X
36.835X
36.872X
34.191X

288389614
282522938
237466610
260376016
268269350
300314080
237348352
288423978
291287888
269303486

282344292
277038418
232013088
253609760
259634468
290150614
232455222
281800222
282084352
261569978

43258442100
42378440700
35619991500
39056402400
40240402500
45047112000
35602252800
43263596700
43693183200
40395522900

42351643800
41555762700
34801963200
38041464000
38945170200
43522592100
34868283300
42270033300
42312652800
39235496700

150
150
150
150
150
150
150
150
150
150

94.88
94.86
94.77
95.00
95.24
95.38
94.76
95.14
95.13
95.34

37.98
37.55
37.99
37.28
37.46
37.31
37.30
37.13
37.60
37.43

282522152
280101984
235280539
259259378
264378723
297886509
237607961
288664087
287862925
266046498

96.65
97.62
97.96
98.56
98.23
98.98
98.62
98.60
98.49
98.08
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Appendix G. Results of eight models tested by Fastsimcoal2 for Q. aquifolioides and Q. spinosa

Model Max(log10(likelihood))? pag%::cers AIC P M"de'”rll‘e’lri’;?jc')ze(‘jv)rf'a“ve
Model 1 4022669 1 18525097 1202898 -0
Model 2 3771618 27 17368997 46798 -0
Model 3 3771106 29 17366643 44444 -0
Model 4 3766921 22 17347356 25157 -0
Model 5 4088879 8 18830000 1507801 -0
Model 6 3086943 1 18360573 1038374 -0
Model 7 3761456 27 17322199 0 1
Model 8 3762346 29 17326302 4103 -0

vEa: BTN 50 RIMSTBEAT R A T fe ik
VE b: AICi. Ai il wi ITHE 5750 Excoffier 2 (2013) fizr
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Appendix H. Inferred parameters estimates with 95% confidence intervals for the best fitting
demographic history modelled in Fastsimcoal2

. 95% B 5 X [H]
Z2H fg’iﬁ; (95% confidence intervals)
(Parameters) estimation) TR LR
(Lwoer bound) (Upper bound)

NPOPO 101288 92223 115632

NPOP1 101903 97256 120263

NPOP2 101640 94525 118263

NPOP3 104804 99251 129526
NQS 983376 945252 1015256

NQA 119686 101056 132526

NANC 107864 99232 126462

T1 3040470 2632512 3965261
T2 8979690 7252663 10026260
T3 14877450 1162233 15932321
Qa E—Qa W 2.86E-05 2.82E-05 2.89E-05
Qs W—Qa W 4.22E-09 3.95E-09 4.33E-09
Qs E—Qa W 2.52E-07 2.49E-07 2.53E-07
Qs W—Qa_E 2.79E-05 2.76E-05 2.81E-05
Qs E—Qa E 1.04E-05 1.02E-05 1.07E-05
Qs E—Qs W 1.95E-08 1.93E-08 1.97E-08
Qa W—Qa E 1.73E-05 1.71E-05 1.76E-05
Qa W—Qs W 2.16E-05 2.14E-05 2.19E-05
Qa_ W—Qs_E 3.46E-08 3.44E-08 3.48E-08
Qa_ E—Qs W 3.43E-05 3.40E-05 3.47E-05
Qa_ E—Qs E 2.01E-08 1.98E-08 2.03E-08
Qs W—Qs_E 1.45E-05 1.41E-05 1.47E-05
Qs W—Qa W 5.62E-08 5.60E-08 5.65E-08
Qs E—Qa W 2.66E-08 2.62E-08 2.69E-08
Qs E—Qs W 4.45E-08 4.41E-08 4.47E-08
Qa W—Qs W 8.54E-06 8.51E-06 8.57E-06
Qa_ W—Qs_E 6.99E-08 6.96E-08 7.03E-08
Qs W—Qs_E 3.65E-07 3.62E-07 3.68E-07
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Appendix I. GO enrichment results of genes located within the "genetic islands" of Q. aquifolioides vs. Q. spinosa

GO.ID Term Annotated Significant Expected Fisher.p Ontology

Q . aquifolioides vs. Q. spinosa

GO0:0005515 protein binding 1849 43 42.34 6.6E-09 MF
G0:0003700 DNA-binding transcription factor activity 228 10 5.22 0.00003 MF
G0:0003676 nucleic acid binding 1219 32 27.91 0.0003 MF
G0:0003677 DNA binding 489 16 11.2 0.00033 MF
G0:0004672 protein kinase activity 1000 20 22.9 0.00041 MF
G0:0005216 ion channel activity 72 5 1.65 0.00109 MF
G0:0005524 ATP binding 364 9 8.33 0.00436 MF
G0:0003690 double-stranded DNA binding 55 4 1.26 0.00669 MF
G0:0022836 gated channel activity 34 3 0.78 0.00709 MF
G0:0004252 serine-type endopeptidase activity 94 4 2.15 0.0088 MF
G0:0016614  oxidoreductase activity, acting on CH-OH group of donors 75 4 1.72 0.01122 MF
G0:0003824 catalytic activity 3977 80 91.06 0.01253 MF
G0:0008375 acetylglucosaminyltransferase activity 22 2 0.5 0.01511 MF
G0:0004180 carboxypeptidase activity 50 3 1.14 0.01695 MF
G0:0003712 transcription coregulator activity 27 2 0.62 0.02232 MF
G0:0016831 carboxy-lyase activity 27 2 0.62 0.02232 MF
G0:0009055 electron transfer activity 77 3 1.76 0.02862 MF
G0:0010181 FMN binding 32 2 0.73 0.03068 MF
G0:0140096 catalytic activity, acting on a protein 1418 33 32.47 0.03181 MF
G0:0000166 nucleotide binding 754 17 17.26 0.03226 MF
G0:0004553 hydrolase activity, hydrolyzing O-glycosyl compounds 304 6 6.96 0.04774 MF
G0:0016020 membrane 624 13 13.32 0.0039 CcC
G0:0005694 chromosome 53 3 1.13 0.0057 CcC
G0:0005856 cytoskeleton 19 2 0.41 0.0097 CcC
G0:0000160 phosphorelay signal transduction system 29 3 0.57 0.0012 BP
G0:0007034 vacuolar transport 12 2 0.24 0.0034 BP
G0:0008152 metabolic process 1453 23 28.66 0.0044 BP
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G0:0006401 RNA catabolic process 13 2 0.26 0.0073 BP
G0:0019725 cellular homeostasis 18 2 0.36 0.0077 BP
G0:0005975 carbohydrate metabolic process 95 3 1.87 0.0332 BP
G0:0009150 purine ribonucleotide metabolic process 22 2 0.43 0.043 BP
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Appendix J. GO enrichment results of genes located within the "genetic islands" of Oa W vs. Qa E

GO.ID Term Annotated Significant Expected Fisher.p Ontology

Qa_Wyvs. Qa_E

G0:0005515 protein binding 1849 48 47.13 8.50E-11 MF
G0:0003723 RNA binding 213 14 5.43 4.90E-06 MF
G0:0005524 ATP binding 364 12 9.28 0.0002 MF
G0:0008270 zinc ion binding 126 6 3.21 0.0013 MF
G0:0003700 DNA-binding transcription factor activity 228 8 5.81 0.0016 MF
G0:0003677 DNA binding 489 13 12.46 0.0028 MF
G0:0005506 iron ion binding 308 9 7.85 0.0028 MF
G0:0005525 GTP binding 70 4 1.78 0.0045 MF
G0:0008171 O-methyltransferase activity 11 2 0.28 0.0047 MF
G0:0016773 phosphotransferase activity, alcohol group as acceptor 1038 19 26.46 0.0051 MF
G0:0004842 ubiquitin-protein transferase activity 73 4 1.86 0.0052 MF
G0:0003824 catalytic activity 3977 83 101.38 0.0062 MF
G0:0016491 oxidoreductase activity 660 16 16.82 0.0073 MF
G0:0005198 structural molecule activity 222 6 5.66 0.0097 MF
G0:0004252 serine-type endopeptidase activity 94 4 2.4 0.0124 MF
G0:0003676 nucleic acid binding 1219 37 31.07 0.0151 MF
G0:0016798 hydrolase activity, acting on glycosyl bonds 306 5 7.8 0.0188 MF
G0:0003743 translation initiation factor activity 24 2 0.61 0.0216 MF
G0:0036094 small molecule binding 767 22 19.55 0.0265 MF
G0:0016866 intramolecular transferase activity 27 2 0.69 0.027 MF
G0:0005543 phospholipid binding 28 2 0.71 0.0289 MF
G0:0004672 protein kinase activity 1000 16 25.49 0.0298 MF
G0:0015079 potassium ion transmembrane transporter activity 29 2 0.74 0.0308 MF
G0:0010181 FMN binding 32 2 0.82 0.0369 MF
G0:0005622 intracellular anatomical structure 546 10 10.75 0.0055 cC
G0:0016020 membrane 624 11 12.28 0.017 ccC
G0:0008152 metabolic process 1453 49 48.97 1.30E-05 BP
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G0O:0005975
G0:0006629
G0:0045454
G0:0016579
GO0:1901137
G0:0009165
G0:0018193
G0:0006855
G0:0006486

carbohydrate metabolic process
lipid metabolic process
cell redox homeostasis
protein deubiquitination
carbohydrate derivative biosynthetic process
nucleotide biosynthetic process
peptidyl-amino acid modification
Xenobiotic transmembrane transport
protein glycosylation

95
171
14
17
53
18
26
50
24

N WOWODNDNDOOINDNDN O

3.2
5.76
0.47
0.57
1.79
0.61
0.88
1.69
0.81

0.0076
0.0133
0.0137
0.02
0.0246
0.0256
0.0256
0.0268
0.0384

BP
BP
BP
BP
BP
BP
BP
BP
BP

64



Bt o

Bk K Os W s, Os B “JERIAH S NEFE T GO & HEm e R
Appendix K. GO enrichment results of genes located within the "genetic islands" of Os W vs. Os E

GO.ID Term Annotated Significant Expected Fisher.p Ontology

Qs Wvs.Qs_E

G0:0005524 ATP binding 364 18 10.95 6.00E-08 MF
G0:0003676 nucleic acid binding 1219 43 36.67 2.00E-07 MF
GO0:0005515 protein binding 1849 44 55.61 3.20E-06 MF
G0:0003824 catalytic activity 3977 96 119.62 4.10E-05 MF
G0:0000166 nucleotide binding 754 28 22.68 0.00011 MF
G0:0008237 metallopeptidase activity 38 4 1.14 0.00063 MF
G0:0003677 DNA binding 489 15 14.71 0.00122 MF
GO:0003777 microtubule motor activity 56 4 1.68 0.00276 MF
G0:0003700 DNA-binding transcription factor activity 228 8 6.86 0.00279 MF
G0:0004190 aspartic-type endopeptidase activity 65 4 1.96 0.00473 MF
G0:0003899 DNA-directed 5'-3' RNA polymerase activity 11 2 0.33 0.00558 MF
G0:0003723 RNA binding 213 8 6.41 0.00636 MF
G0:0046873 metal ion transmembrane transporter activity 44 3 1.32 0.01032 MF
G0:0046983 protein dimerization activity 89 4 2.68 0.01406 MF
G0:0004672 protein kinase activity 1000 19 30.08 0.01451 MF
G0:0005506 iron ion binding 308 8 9.26 0.01583 MF
G0:0004252 serine-type endopeptidase activity 94 4 2.83 0.01687 MF
GO:0140657 ATP-dependent activity 78 6 2.35 0.02122 MF
G0:0016831 carboxy-lyase activity 27 2 0.81 0.03195 MF
G0:0008270 zinc ion binding 126 4 3.79 0.04297 MF
G0:0004222 metalloendopeptidase activity 34 2 1.02 0.0487 MF
G0:0005643 nuclear pore 14 3 0.33 0.00028 CcC
G0:0016020 membrane 624 15 14.57 0.00056 CcC
GO0:0005576 extracellular region 24 2 0.56 0.02186 cc
G0:0000145 exocyst 32 2 0.75 0.03746 CcC
G0:0008152 metabolic process 1453 47 47.58 3.40E-06 BP
GO0:0006754 ATP biosynthetic process 13 3 0.43 0.00071 BP
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G0:0000160
G0:0046856
G0:0045454
G0:0006355
G0:0006812
G0:0006364
G0:0006952
G0:0006886
G0:0015979
G0:0006810
G0:0006464

phosphorelay signal transduction system
phosphatidylinositol dephosphorylation
cell redox homeostasis
regulation of transcription, DNA-templated
cation transport
rRNA processing
defense response
intracellular protein transport
photosynthesis
transport
cellular protein modification process

29
11
14
72
80
19
63
49
25
398
107
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14

0.95
0.36
0.46
2.36
2.62
0.62
2.06
1.6
0.82
13.03
3.5

0.00766
0.01003
0.01615
0.01851
0.02616
0.02899
0.03073
0.0316

0.04153
0.04597
0.04826

BP
BP
BP
BP
BP
BP
BP
BP
BP
BP
BP
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